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Abstract
The recent measurements of the Bs mass difference ∆Ms by the CDF and DØ col-
laborations are roughly consistent with the Standard Model predictions, therefore, these
measurements will afford an opportunity to constrain new physics scenarios beyond the
Standard Model. We consider the impact of the R-parity violating supersymmetry in the
B0s−B¯0s mixing, and use the latest experimental results of ∆Ms to constrain the size of the
R-parity violating tree level couplings in the B0s− B¯0s mixing. Then, using the constrained
R-parity violating parameter space from ∆Ms, we show the R-parity violating effects on
the Bs width difference ∆Γs.
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Recently CDF and DØ collaborations have measured the mass difference in the B0s − B¯0s
system [1, 2] with the results
CDF: ∆Ms = (17.31
+0.33
−0.18 ± 0.07)/ps, (1)
DØ: 17/ps < ∆Ms < 21/ps (90% C.L.). (2)
The measurement of CDF collaboration turned out to be surprisingly below the Standard
Model (SM) predictions obtained from other constraints [3, 4]
∆MSMs (UTfit) = (21.5± 2.6)/ps, ∆MSMs (CKMfit) = (21.7+5.9−4.2)/ps. (3)
A consistent though slightly smaller value is found for the mass difference directly from its SM
expression in later Eq.(10)
∆MSMs (Direct) = (20.8± 6.4)/ps. (4)
with the input parameters collected in Table I. It’s noted that this prediction is sensitive to
the value chosen for the non-perturbative quantity FBs
√
BBs and the CKM matrix element
Vts, in this paper, we use their values from Refs.[3, 5]. The implication of ∆Ms measurements
have already been studied in model independent approach [6], MSSM models [7], Z ′-model [8],
Grand Unified Models [9].
The SM prediction in Eq.(4) suffers large uncertainties from the hadronic parameters, nev-
ertheless, the experimental data agree fairly well with the SM value. Therefore, we can use the
CDF measurement to constrain new physics which may induce the b-s transition. Effects of
the R-parity violating (RPV) supersymmetry (SUSY) on the neutral meson mixing have been
discussed extensively in the papers [10, 11]. In this paper we will consider the RPV SUSY
effects at the tree level in the B0s − B¯0s mixing by the latest experimental data. Using the latest
experimental data of ∆Ms and the theoretical parameters, we obtain the new bound on the
relevant RPV coupling product. If there are RPV contributions to ∆Ms, the same new physics
will also contribute to the width difference ∆Γs, and therefore we will use the constrained
parameter region to examine the RPV effects on ∆Γs.
We first consider the SM contribution to the B0s−B¯0s mixing. The SM effective Hamiltonian
for the B0s − B¯0s mixing is usually described by [12]
HSMeff =
G2F
16pi2
m2W |V ∗tsVtb|2η2BS0(xt)[αs(µb)]−6/23
[
1 +
αs(µb)
4pi
J5
]
O + h.c., (5)
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with
O = (s¯b)V−A(s¯b)V−A, (6)
where xt = m
2
t/m
2
W and η2B is the QCD correction.
In terms of Eq.(5), the mixing amplitude Ms12 in the SM, dominated by the top quark loop,
is
Ms,SM12 =
〈B0s |HSMeff |B¯0s〉
2mBs
. (7)
Defining the renormalization group invariant parameter BBs by
BBs = BBs(µ)[αs(µ)]
−6/23
[
1 +
αs(µ)
4pi
J5
]
, (8)
〈B0s |O|B¯0s〉 ≡
8
3
BBs(µ)F
2
Bsm
2
Bs , (9)
then, we have the Bs mass difference in the SM
∆MSMs = 2
∣∣∣Ms,SM12 ∣∣∣
=
G2F
6pi2
m2WmBs |V ∗tsVtb|2η2BS0(xt)
(
FBs
√
BBs
)2
. (10)
In the SM, the off-diagonal element of the decay width matrix Γs,SM12 may be written as [13]
Γs,SM12 = −
G2Fm
2
b
24piMBs
|VcbV ∗cs|2
[
G(xc)〈B0s |O|B¯0s〉+G2(xc)〈B0s |O2|B¯0s〉+
√
1− 4xcδˆ1/m
]
, (11)
here xc = m
2
c/m
2
b , G(xc) = 0.030 and G2(xc) = −0.937 at the mb scale [13], and the 1/mb
corrections δˆ1/m are given in [14]. The operator O can be found in Eq.(6), one now encounters
a second operator operator, O2, and thereby another B-parameter B(s)2 (µ)
O2 = (s¯b)S−P (s¯b)S−P , 〈B0s |O2(µ)|B¯0s〉 = −
5
3
(
mBs
mb(µ) +ms(µ)
)2
m2Bsf
2
BsB
(s)
2 (µ). (12)
The width difference between Bs mass eigenstates is given by
∆ΓSMs = 2
∣∣∣Γs,SM12 ∣∣∣
=
G2Fm
2
b
12piMBs
|VcbV ∗cs|2
[
8
3
G(xc)BBs(µ)F
2
Bsm
2
Bs
−5
3
G2(xc)
(
mBs
mb(µ) +ms(µ)
)2
m2Bsf
2
BsB
(s)
2 (µ) +
√
1− 4xcδˆ1/m

 , (13)
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and the SM predicts ∆ΓSMs with the input parameters in Table I
∆ΓSMs (Direct) = (0.07± 0.03)/ps. (14)
It’s noted that the width difference have been reviewed recently in [15].
Now we turn to the RPV SUSY contributions to the B0s − B¯0s mixing. In the most general
superpotential of the minimal supersymmetric Standard Model, the RPV superpotential is
given by [16]
W6Rp = µiLˆiHˆu +
1
2
λ[ij]kLˆiLˆjEˆ
c
k + λ
′
ijkLˆiQˆjDˆ
c
k +
1
2
λ′′i[jk]Uˆ
c
i Dˆ
c
jDˆ
c
k, (15)
where Lˆ and Qˆ are the SU(2)-doublet lepton and quark superfields, Eˆc, Uˆ c and Dˆc are the
singlet superfields, while i, j and k are generation indices and c denotes a charge conjugate
field.
b
s
B
0
s
ν˜Li
b
s
B¯
0
s
λ
′
i32 λ
′∗
i23
s-channel
b s
ν˜Li
s b
λ
′
i32
λ
′∗
i23
B
0
s
B¯
0
s
t-channel
Figure 1: The RPV tree level contributions to the B0s − B¯0s mixing.
The λ′ couplings of Eq.(15) make the B0s − B¯0s mixing possible at the tree level through the
exchange of a sneutrino ν˜i both in the s- and t-channels displayed in Fig.1. The RPV tree level
contributions to B0s − B¯0s mixing are described by
H 6Rpeff =
1
4
∑
i
λ′i32λ
′∗
i23
m2ν˜Li
(s¯b)S−P (s¯b)S+P + h.c., (16)
where we have a new physics operator
O4 = (s¯b)S−P (s¯b)S+P , (17)
and we define the B-parameter as
〈B0s |Oˆ4(µ)|B¯0s〉 = 2
(
mBs
mb(µ) +ms(µ)
)2
m2BsF
2
BsB
(s)
4 (µ). (18)
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Note that the expectation values are scaled by factor of 2mB over those given in some literature
due to our different normalization of the meson wave functions. It is trivial to check that both
conventions yield the same values for physical observables.
The RPV mixing amplitude M
s, 6Rp
12 is
M
s, 6Rp
12 =
〈B0s |H 6Rpeff |B¯0s〉
2mBs
=
∑
i
λ′i32λ
′∗
i23
m2ν˜Li
1
4
(
mBs
mb(µ) +ms(µ)
)2
mBsF
2
BsB
(s)
4 (µ), (19)
Given the expressions above, we now write the total Bs mass difference included both SM
and RPV contributions
∆Ms = 2|Ms12|, (20)
with
Ms12 = M
s,SM
12 +M
s, 6Rp
12
= Ms,SM12 (1 + ze
iθ), (21)
where the parameters z and θ give the relative magnitude and relative phase of the RPV
contribution, i.e. z ≡
∣∣∣Ms 6Rp12 /Ms,SM12 ∣∣∣ and θ ≡arg(Ms, 6Rp12 /Ms,SM12 ).
The Bs width difference beyond the SM has been studied in Refs.[17, 18]. If there are RPV
contributions to ∆Ms, the same new physics will also contribute to the Bs width difference.
The width difference including the RPV contributions is given by [18]
∆Γs =
4|Re(Ms12Γs∗12)|
∆Ms
= 2|Γs12| · |cosφm|, (22)
where φm =arg(1 + ze
iθ), and φm = 0 turns out to be an excellent approximation in the SM.
The effect of NP on the off-diagonal element of the decay width matrix Γs12 is anticipated to be
negligibly small, hence Γs12 = Γ
s,SM
12 holds as a good approximation [19].
We now perform numerical calculation and show the constraint imposed by the measurement
of ∆Ms only or both ∆Ms and ∆Γs. The values of the input parameters used in this paper
are collected in Table I, and we will use the input parameters and the experimental data which
vary randomly within 1σ variance.
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Table I: Values of the theoretical quantities as input parameters.
mW = 80.403± 0.029 GeV, mBs = 5.3696± 0.0024 GeV,
mb(mb) = 4.20± 0.07 GeV, ms(2GeV ) = 0.095± 0.025 GeV,
mt = 174.2± 3.3 GeV, mb = 4.8 GeV . [20]
A = 0.818+0.007−0.017, λ = 0.2272± 0.0010. [20]
η2B = 0.55± 0.01. [21]
FBs
√
BBs = 0.262± 0.035 GeV, FBs = 0.230± 0.030 GeV. [5]
B
(s)
2 (mb) = 0.832± 0.004, B(s)4 (mb) = 1.172+0.005−0.007. [22]
Figure 2: Allowed parameter space for λ′i32λ
′∗
i23 constrained by the experimental data of ∆Ms.
We calculate the contributions of Eq.(16) to ∆Ms and require it not to exceed the corre-
sponding experimental data in Eq.(1). The random variation of the parameters subjecting to
the constraint leads to the scatter plot shown in Fig.2.
We can see that there are three possible bands of solutions in Fig.2. The two bands are for
the modulus of RPV weak phase (φ 6Rp ) ∈ [59pi, pi] and |λ′i32λ′∗i23| ≤ 3.2× 10−7. The other band is
for φ 6Rp ∈ [−pi, pi] and |λ′i32λ′∗i23| ≤ 1.4×10−6, |φ 6Rp | is increasing with |λ′i32λ′∗i23| in this band. We
get a very strong bound on the magnitudes of the RPV coupling product λ′i32λ
′∗
i23 from ∆Ms
|λ′i32λ′∗i23| ≤ 1.4× 10−6 ×
(
100 GeV
mν˜i
)2
. (23)
For comparison, we will use the existing bounds on these single coupling in Refs.[23, 24, 25]
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to compose the corresponding bounds on the quadric coupling products with the superpartner
mass of 100 GeV . In the RPV SUSY model, the strongest bound for this coupling is |λ′i32λ′∗i23| ≤
1.4× 10−3 in Ref.[23], and some bounds are obtained |λ′132λ′∗123| ≤ 1.0× 10−11 and |λ′232λ′∗223| ≤
1.0× 10−3 by the experimental upper limits on the electric dipole moment’s of the fermions in
Ref.[24]. In addition, in the RPV mSUGRA model, Allanach et al. have obtained quite strong
upper bound: |λ′i32λ′∗i23| ≤ 2.6× 10−9 at the MGUT scale and |λ′i32λ′∗i23| ≤ 2.2× 10−8 at the MZ
scale [25], so their constraints from neutrino masses are stronger than ours from the B0s − B¯0s
mixing. However, we note that the constraints on λ′ from neutrino masses would depend on
the explicit neutrino mass models with trilinear couplings only, bilinear couplings only, or both
[23].
Figure 3: The RPV tree level contributions to the ∆Γs.
Using the constrained parameter space from ∆Ms as shown in Fig.2, one can predict the
RPV effects on the Bs width difference ∆Γs. Our predictions of ∆Γs are displayed in Fig.3.
From Fig.3(a), we find that φm can have any value from −pi to pi, as discussed in Ref.[18], the
RPV contributions to the mixing could reduce ∆Γs relative to the SM prediction, and ∆Γs lies
between 0.00/ps and 0.10/ps. We present correlation between ∆Γs and the parameter space
of λ′i32λ
′∗
i23 by the three-dimensional scatter plot in Fig.3(b). We also give projections on three
vertical planes, where the |λ′i32λ′∗i23|-φ 6Rp plane displays the constrained region of λ′i32λ′∗i23 as the
plot of Fig.2. It’s shown that ∆Γs is decreasing first and then increasing with |λ′i32λ′∗i23| on the
∆Γs-|λ′i32λ′∗i23| plane. From the ∆Γs-φ 6Rp plane, we can see that ∆Γs may be reduced to zero
when |φ 6Rp | lies in [23pi, 89pi].
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Figure 4: Allowed parameter space for λ′i32λ
′∗
i23 constrained by the data of ∆Ms and ∆Γs.
The present experimental data of the Bs width difference have a large error, and we obtain
the averaged value from [20, 26]
∆Γs = (0.22± 0.09)/ps. (24)
Now we add the experimental constraint of ∆Γs to the allowed space of λ
′
i32λ
′∗
i23. We can not
get the solution to the experimental data of ∆Γs at 1σ level. If ∆Γs is varied randomly within
2σ variance, we can obtain the scatter plot as exhibited in Fig.4. Comparing Fig.4 with Fig.2,
we can see that the experimental bound on ∆Γs shown in Eq.(24) obviously excludes the region
4.4 × 10−7 < |λ′i32λ′∗i23| < 5.5 × 10−7. The stronger limit on |λ′i32λ′∗i23| from ∆Ms and ∆Γs than
the one from ∆Ms only is obtained
|λ′i32λ′∗i23| ≤ 4.4× 10−7 ×
(
100 GeV
mν˜i
)2
, (25)
and
|λ′i32λ′∗i23| ∈ [5.5, 13.1]× 10−7 ×
(
100 GeV
mν˜i
)2
. (26)
In summary, we have studied the RPV tree level effects in the B0s − B¯0s mixing with the
current experimental measurements. As shown, using the latest experimental data of ∆Ms and
the theoretical parameters, we have obtained the allowed space of the RPV coupling product
λ′i32λ
′∗
i23, the upper bound on the magnitude of λ
′
i32λ
′∗
i23 has been greatly improved over the
existing bounds obtained from the RPV SUSY. Then, we have examined the RPV effects
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on ∆Γs by the constrained region of λ
′
i32λ
′∗
i23 from ∆Ms, and we have found that the RPV
contributions to the mixing could reduce ∆Γs relative to the SM prediction. Finally, using
the experimental data of ∆Ms and ∆Γs, we have obtained stronger bound than the one from
∆Ms only on λ
′
i32λ
′∗
i23. In addition, we stress that once LHC is turned on, with the anticipated
production of 1012 bb¯ per year, the measurements of ∆Ms and ∆Γs will be much more accurate,
then the allowed parameter space for λ′i32λ
′∗
i23 will be significantly shrunken or ruled out.
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